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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a steel material improved in toughness in HAZ to a 
greater extent by specifying the composition of a steel and incorporating a compound oxide 
which contains Ga, Ti, and Al and in which grain size and the number of grains are respectively 
specified. 

SOLUTION: A molten steel, having a composition consisting of, by weight, 0.03-0.18% C, <0.50% 
Si, 0.40-2.0% Mn. <0.02% P, 0.0010-0.010 S, 0.005-0.020% Al, 0.005-0.020% Ti, 0.0005-0.0030% 
Ca, 0.0020-0.0060% N, and the balance Fe, is cast and then rolled, by which a steel containing a 
compound oxide which contains Ca and Ti and/or Al and in which grain size and the number of 
grains are regulated, respectively, to 0.01-1.0u.m and (5 x 103 to 1 x 105) pieces/mm2 is 
obtained. After Ti of 0.005-0.20%, by weight, of final content is added to the molten steel in 
which Si concentration and dissolved oxygen concentration are regulated, respectively, to 0,05- 
0.20% and 20-80ppm, Al of 0.005-0.020% final content is added and further Ca of 0.0005-0:0030% 
final content is added, and then, Si in an amount compensating the shortage base on the final 
composition and other alloys are added, by which the steel material can be produced. 
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i/^T'fe A l jfetak Hires A l Setattfiv^won 

[0035] t r-A l - c amitmt. mmzm&t 
z>mc±&?Zo cntt-xmimtfoTZo seta 
mm, mmtpizmm^&oi&Ttt^cT i - a i -c 

[0 0 3 6]±Lhi:t), IM©ffij^ fflgfcfcitfA^ 

< Lfc±T\ J^^ltelSiifi** 2 0-8 0 p pmfcfcSJ: 
Lfcm. rau< RH4HO-^XgT*g^*»^mS 

[0037] %TcmttzmmT%?ti-txtLz. ma 

[0 0 3 8] OffK*HW©"S*riJ»|EH©ISSaSK 

[0 0 3 9] Ctt«©5ia6*|Rl±S-&SWa4jS»i:b 
TTK0. 03%tU $fc0. 18%^Sx-^ii« 
©^ADti, ilMOgStt^H A Z $Btt& ^fL< fgT 
^•eso-p, ±E%0. 18%kLfc 0 

[0040] si imtt<D&mmu, ^mmt^^ic^ 

Sa«»"P*S*^ H A Z ©BMfcfc: ± 0 ffltt*<fiT-r s 

[004 i]-Mntts»©aas, wttostffix tsi:xm 

[0 0 4 2] Pf±#W*tf'>&W3:£SIg:lA^ Ctl 



11 

£fr£>, 0. 0 2 0%*±PI^LfCo 
[0 0 4 3] SliMn S ZTzMt LT 0. 0 0 

i ®&8i<DMVt. mnm^am^ 

■e*SKffl7±K*0. 0 0 5%£Lfc o 

[0044] a i «^{baf@$£ if to iij; 
Wg8£S©»ffi£T£fflfrJT3fci6, TEffl^O. 0 

o 5 %t tfco $ fc, ' a i &&m.K&&$z> mitm 

tft^TTfr^-fttz*)^ Ti-Al-C aiMtftljbt£ 
JSL4<aSfc«>, ±P1£0. 0 20%i:Lfco 
[0 0 4 5] T ittT i-A T i g{b 

U @}§T iSA^ira-rs tHAZUtt^ffiT-rsfc 

46, 0. 0 2 0 %^±PSi: Lfco 
[0 0 4 6] CaHTi-Al-Ca»ft«l*«fefig*-& 

sftfeEo.. 0005 %w±o'Sssn^ieaiT?*So l*» 

SSF«37x7Whfil8i*»'>**Sfci6; 0. 0 03 0 

[0047] Nt±T i a{t«i©«fttt(4ai6Tasft7c 
o , o . 002 %*sst(± t i m\Mv>m 

B«N©iftfcttH A Zffltt©ffiT*H< C 
0. 0 0 6£±&gtLfc 0 - 

[0 0 4 8] C uttil*r03l**"rtl±*-&*fca6fc*S6 
■V$>Zt)\ 1. 0%*ait5tHA-ZWtt*fiT*«a. 
Ztfrt>, 1. 0%^±ffii:bfco 

[0 0 4 9] N i tt«#©a«fc«ktffflte*fo±*-&S 

2#3©T\ 1. 5%*±Ei:Lfc. 
[0 0 5 0] Nb{4£#Xftte*ia±*#SCfcfi:«fc!3 

HA Zffifcte^TttjSHfcStnttffltt*¥L< 
fiT?#^.fci60. 0 3%£±Pg£Lfc 0 
[00 5 1] V, Cr, MofcO«,vtt>Nbfc|3|«fca& 

**^rsctA^ % ^n^no. 1%, o. 6%, 

0. 6%Z±mtLtc 0 

[0 0 5 2] BBHAZ«ttKtfftfifl7i7'rf> 



(7) #gfWr 0- 1 8 3 2 9 5 

12 

J:*HAZOHJSN©HSA^O. 0OOZ%W±O. 

0 0 2%&TftL1t a 
[0 0 5 3] 

l/fe. 1-10 *fSam 11-22 tfjt«»"e2& 

Mtoti^o t i !9Ainc»a©issi9it* s i 

-eSWU ^©&T i , A 1 ZmtcWituLMMZfift 
v\ SBNKfi'icJ:0 2 8 ommjp»frt»iibfc^ ira 
10 |»E®*8TV 5mm©««fcLT«ieLfc«, ft 

e>ftfc$!«£ 1 /**© S E G A R CrgjgLfc 0 AJ»t4*9 
2 0 0 kJ/cm'-pfeS. 
[0 0 5 4] g2£&, Klt&ffi, iifcttotfrfg, 

m 3 JCS, iitg©ff®&#, 43 

«ttf h a z ©«ett*^-r. h a zsettffffi©fci6©->^ 

;1/Vf— ffltt, 7a-7 3 >7^>MHAZ 1 mm©g|$ 
titT* 9 #©&§&£??£</ \ Z<D¥i$m-e&Z>o 
[0 0 5 5] S3fr5W&frfc.fc3fc* l~10©*fg 
Wiif±J±«i!Si^J±^T®tlfcH A Zffltt^WTS C £tf 
20 W5o -fftto-Sx StfStfO. 0 1-1. 0/imT\ T 

1 -, A 1 -C a»fbft©«r?«# 5 x 1 0 3 - 1 x 1 
o'i/mm^lltS^ -2 0°C©HA Z®914#1i 

[0 0 5 6] -73, ifc«09©l 1-2 2 a, ^ftlfe-> 
*;bk?-MJK- 2 0°CT4 0 J *S6©ffii/MHteL*^£ 

%.-frr>rco cne.©HH«i 1, 12, nBSiti 

OPSLfc^^«^*HBa©Rfr^©Mtc^LT^^ 
frofcfc*6, 1 4 l±S i fc±DH8Lfc»#lt**!><RlT 
£©;S£ffl;Lfcfcii>, 1 5«A 1 **^T^S*T@ofc 
30 1 6 & A im&ffiftM&lM-D Tcfc £> T?&Z 0 S- 

fc, 17, 1 8ttT i tA 1 h©&;taJiI###fifEi;« 
j^T-$>ofcfc46, 19, 2 OttT i £ A 1 £©&bOfBlffi 

2 1 ti C a StfBf^S^JilBlo fcfc&6, 2 2HCai^ 

[0 0 5 7] 
Mil 
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C 


Si 


Mn 


P 


3 


Al 


Ti 


Co 


N 


Ou 


Ni 


Mb 


V 


Cr 


Mo 


B 




i 


aio 


D30 


1.39 


0.006 


0.003 


0.010 


ojoog 


0.001 1 


0.0O37 


- 


- 


- 


- 


- 


- 


- 




2 


ai2 


026 


1.42 


0.007 


0.003 


0.012 


0j0O8 


0.0008 


0.0040 


















3 


a 09 


026 


1.45 


0.008 


0.003 


0.011 


0X110 


0.0028 


0.0041 


- 


- 


0.007 


- 


- 


- 


- 


* 


4 


a.13 


031 


1.48 


0.006 


0.004 


0.005 


OjOOS 


0.0020 


0.0O30 


0.30 


033 


- 


- 


- 


- 


- 


m 
m 


5 


0.14 


o.i a 


1.44 


0.009 


0.005 


0.012 


0J016 


0.0014 


0.0050 


0.18 


1.01 


- 


- 


- 


- 


- 


6 


aio 


024 


1.25 


0.007 


0.003 


0.019 


Oj014 


0.0006 


0.0031 


- 






0.041 


— 


— 






7 


ai2 


039 


0.95 


0.007 


0.002 


0.02O 


OjOI 5 


0.0005 


0.0038 


- 


— 


- 


— 


030 


— 


- 




a 


ai7 


034 


1.33 


0.0 10 


0.004 


0.012 


OJOl 1 


0.0023 


0.0040 






- 


- 


- 


0.44 






9 


ai3 


0.18 


a75 


0.005 


0.005 


0.0 15 


OjOM 


0.0013 


0.0033 


- 


- 


- 


- 


- 


- 


- 




10 


0.14 


021 


1.38 


0.008 


0.004 


0.013 


OjOIO 


0.0015 


0.0041 






- 


- 




— 


O0011 




ii 


an 


027 


1.35 


0.006 


0.005 


0.009 


OjOOQ 


0.0013 


0.0035 


0.31 


0.30 


- 


- 


- 


- 


- 




12 


ai2 


oso 


1.42 


0.006 


0.003 


0.011 


OjOI 1 


0.0007 


0.0034 


_ 


- 


- 


- 


- 


- 


- 


it 
tCt 


13 


aio 


028 


1.38 


0.007 


0.0O3 


0.010 


0J010 


0.0009 


0.0040 


_ 


- 


- 


- 


- 


- 


- 


W 


14 


ai3 


031 


1.39 


0.008 


0.005 


0.008 


Oj012 


0.0022 


0.0032 


_ 


- 


0.013 


- 


- 


- 


- 


m 


15 


0.15 


026 


1.45 


0.008 


0.003 


0.004 


OjOI 1 


0.0024 


0.0035 


0.32 


0.33 


- 


- 


- 


- 


- 




18 


ais 


025 


1.35 


0.008 


0.004 


0J021 


OjOI 4 


0.0015 


0.0047 






0.008 


- 




- 


- 




17 


ai7 


023 


127 


0.007 


0.003 


0.011 


0.009 


0.0009 


0.0O37 






0.006 


0.028 




037 






18 


aio 


022 


1.44 


0.006 


0.004 


o.oos 


OJ008 


0.0028 


0.0035 










030 








19 


a 09 


024 


1.49 


0.005 


0.003 


0.010 


OjOII 


O.O01O 


0.0031 


















20 


an 


031 


1.45 


0.007 


0.004 


0.009 


OJOIO 


0.0012 


0.0O41 




OAS 


0.006 












21 


0.09 


021 


1.43 


0.008 


0.005 


0.012 


OjOI 5 


0.0032 


0.0038 


















22 


aio 


023 


1.44 


0.007 


0.0C3 


0.01 S 


OJOl 4 


0.0004 


0.0045 
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15 16 





S0 


Ti 


SuHn 

mm* 

as kpptiv 






TKAUCa 










CD 




CO 


AI&A* 
Cmm; 


mm 














Ti 


Al 


Ca 




1 


0.087 


46 


ft 


46 


Ti— Al— Ca 


2.0 


12 


76 


12 


6.1 x 10" 




2 


0.121 


33 




33 


Ti— Al— Ca 


1.5 


5 


84 




2.9 X 10 - 




3 


0.1 16 


34 


& 


34 


Ti— Al— Ca 


0.5 


16 


71 


1 3 


5-2 X TO 4 


4 


U.UtH 


63 


Ik 


63 


Ti— Al— Ca 


2.0 


6 


85 


g 


i.i x icr 




5 




7T 




77 


Ti— AI-*-Ca 


3-0 


7 


81 


12 


3.7 x 10* 




G 


U. I DO 


21 


SI 


21 


Ti— Al— Ca 


2.5 


9 


80 




1.9 x 10* 




7 


U.lol 


31 


Jar 


31 


Ti— Al— Ca 


! 4.5 


23 


61 


1 6 


9.2 X 10* 




8 


n net; 


73 




73 


Ti— Al— Ca 


5.0 


91 


7 


2 


4.9 x 10 4 




9 


U. 1 ob 


24 


SI 


24 


Ti— AI-*Ca 


3.5 


12 


75 


1 3 


5.3 X 10 s 




10 


U.l J£ 


30 


IK 


30 


Ti— Al— Ca 


4.0 




85 


1 0 


3.0 X 10 4 




11 


0.207 


19 




33 , 


Ti— Al— Ca 


2.0 


6 


91 


3 


2.7 x 1 0 1 


it 


12 


0.285 


14 




39 


Ti— Al— Ca 


1.5 


10 


74 


16 


4.6 x 1 0* 


tt 


13 


0.237 


17 


is 


17 


Ti— Al— Ca 


3.5 


S 


84 


7 


3.2 X 10 4 


14 


0.048 


83 




83 


Ti— Al— Ca 


5.0 


21 


74 


5 


4.1 x 10" 


a 


15 


0.094 


43 


ltd 


43 


Ti— Al— Ca 


4.0 


7 


82 


1 1 


4.6 x 10 s 


99 


16 


0.132 


32 




32 


Ti— Al— Ca 


2.5 


11 


85 


4 


1.1 X 10 5 




17 


0.191 


21 


M 


21 


Al— Ti— Ca 




9 


76 


15 


1.6 x 10 6 




18 


0.169 


24 


m 


24 


Al— Ti— Ca 






98 


2 


8.7 X 10 4 




19 


0.1 18 


34 


m 


34 


Ti— Al— Ca 


6.5 


9 


80 


1 1 


4.8 x 10 3 




20 


0.070 


57 


m 


57 


Ti-»AI-»Ca 


22.0 


5 


90 


5 


3.9 x 10 9 




21 


0.090 


45 


m 


45 


Ti— Al— Ca 


3.5 


5 


81 


14 


1.9X 10* 




22 


0.085 


47 


m 


47 


Ti— Al— Cb 


4.0 


16 


84 




2.7 X 10* 



[0 0 5 9] **[||3] 





$3 






HAZ|S14<HI«200U/cia) 




m 








YP 


TS 


vTrs 


vE-20 






CC) 


Co) 




<kg/W) 


(kg/mm 1 ) 




(J) 




1 


1049 


800 


765 


39.5 


51.6 


-85 


57 




2 


1052 


790 


750 


38.8 


52.2 


-92 


76 | 




3 


1055 


800 


780 


37.5 


58.5 


-90 


68 




4 


1210 


810 


795 


39.3 


56.5 


-86 


71 


5 


1049 


810 


805 


40.1 


52.5 


-95. 


70 




6 


1050 


790 


755 


43.4 


48.3 


-95 


68 




7 


1084 


820 


790 


40.1 


52.7 


-85 


54 




8 


1069 


800 


780 


39.5 


54.6 


-80 


62 




9 


1203 


800 


770 


41.6 


52.9 


-97 


55 




1G 


1151 


810 


785 


41.9 


534 


- 100 


50 




11 


1062 


800 


735 


42.5 


60.7 


-93 


38 


it 


12 


11 05 


790 


755 


41.3 


53.0 


- 105 


29 


& 


13 


1102 


820 


800 


40.7 


5Z0 


-85 


24 


01 


14 


1085 


800 


790 


41.6 


61.1 


-90 


23 I 




15 


1076 


780 


765 


40.8 


51.3 


-95 


36 




16 


1045 


780 


760 


38.9 


49.1 


-97 


33 




17 


1056 


800 


750 


41.3 


56.5 


-80 


24 




18 


1 195 


790 


725 


40-8 


52.1 


-85 


26 




19 


121 1 


820 


790 


40.6 


51.0 


-60 


30 




20 


1056 


830 


785 


41.2 


53.2 


-75 


34 




21 


1052 


800 


765 


43.1 


56.8 


- 105 


21 




22 


1055 


810 


770 


44.5 


57.1 


-95 


26 



[0 0 6 0] 



so mmvvim *wm, mm, mmmmi. *«jit: 
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17 18 



